is an indepen-
is an indepen-suggested that HDL particles, by participating in reverse cholesterol transport [3, 4] , are protective against the development of atheromatous plaques [2] . The National Cholesterol Education Program Adult Treatment Panel II (NCEP ATP II) has revised its guidelines for the diagnosis and treatment of hypercholesterolemia in adults to include HDL-C measurement at the initial screeningstagealong with totalcholesterol [2, 5] . A low HDL-C (<350 mg/L) is thought to increase an individual's risk of heart disease, but HDL-C 600 mgfL has been defined in the NCEP ATP II as a negative risk factor [2] . which is magnetic, is rapidly drawn to the bottom of the cup by the magnetic disc. No further processing is required:
The sample cup is either added directly to the automated analyzer tray or, alternatively, the supernate is pipetted manually for HDL-C determination. separate assays of two HDL-C controls (300 and 500 mg/L).
The first control was Liquicheck#{174}Level 1 from Bio-Rad ECS (Anaheim, CA). The second control was prepared from a pool of normal human plasma and stored in aliquots at -80 #{176}C.
STATISTICAL ANALYSIS
The mean, median, and SD were calculated by using Microsoft Excel Version 4.0#{174} (Microsoft, Redmond, WA). Student's t-test and linear regression analysis by the least-squares method was calculated by the SigmaPlot#{174} statistics program (Jandel Scientific, San Rafael, CA). The t-tests were judged significant at P <0.05.
Assay bias was calculated as the test method result minus the Reference Method result.
Total error is equal to systematic error plus random error [15, 16] .At an HDL-C concentration of x, systematic error is equal to y, -x., where y = bx + a (linear regression equation). Random error is 1.96 X SD from the run-to-run precision study [15, 16] .
Results and Discussion
The precision of the three HDL-C assays evaluated was good, with within-run and run-to-run CVs of 4. 1% for HDL-C concentra- was <3 mm in samples with TG <6000 mg/L. Some samples, with TG >10 000 mg/L, took longer to clear (5-10 mm), so we recommend that samples with plasma TG >10 000 mg/L be assayed both undiluted and diluted twofold with 9 gIL NaCl.
The performance of the direct HDL-C assay was also very good at TG 6000 mg/L (Table 2) , with two exceptions. The bias of the direct assay (direct assay minus Reference Method)
exceeded 400 mgfL in two samples with TG >30 000 mg/L, presumably because this method loses specificity at such high TG concentrations.
The Reference
Method HDL-C concentrations for these two samples were 202 and 122 mgfL, whereas the respective direct HDL-C concentrations were 624 and 646 mg/L.
We therefore elected to exclude samples with TG >30 000 mg/L from our analysis.
To calculate the systematic error of an assay at medically significant concentrations of any analyte, such concentrations (x) are inserted into the linear regression formula derived by comparing the assay with the Reference Method (y = bx + a) [15, 16] .The systematic errors for the three HDL-C methods (Table 3) indicate that about one-half of the data points failed to meet the 10% goal for analytical bias set by the CDC and the NCEP.
Using the data from the precision study (Table  1) , we calculatedthe random error (1.96 x SD) of the assay (also shown in Table  3 ). Total error, a measure of the overall analytical performance of the assay, was calculated for each of the three TG groups at HDL-C concentrations of 300 and 500 mg/L (Table 3) by combining the systematic and random errors [15, 16] .Although many of the systematic error values were unsatisfactory, almost all of the calculated total error percentages met the current NCEP and Clinical Laboratory Improvement Amendments performance goals (<22%) for total error in HDL-C determination [17, 18] . In particular, both the magnetic separation method and the direct HDL-C method gave acceptable performance according to these criteria (fable 3), although at TG concentrations >6000 mgIL the total error performance either reached or exceeded 20%. The conventional MgCl,-dextran sulfate reagent could not be assessed when the TG concentrations were >6000 mg/L. At TG <2000 mg/L and HDL-C 300 mg/L, however, the total error for this method was 24.5%, which fails the 22% total error goal because of high systematic error (Table 3 ). Very few of the total error estimates for the three HDL-C methods fell within the forthcoming
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NCEP total error goal of l3% [17, 18] . Fig. 2 shows plots of the assay bias as a function of plasma TG. For the MgCI,-dextran sulfate assay, only those samples that showed complete precipitation were included. Although the overall negative bias of the three procedures (in comparison with the Reference Method)
is apparent from all these plots, the correlation between plasma TG concentration and HDL-C assay bias was The direct HDL-C assay is the fastest of the three and has the major advantage of eliminating all sample prepreparation.
Only 4 jL of sample, excluding the dead volume, is needed for determining HDL-C by the direct method-compared with 500 .tL for the magnetic assay and 200 L for the MgCl2-dextran sulfate method. Loss of specificity in the direct method, probably through reaction of the modified enzymes with VLDL, is apparent only at very high TG concentrations (>30 000 mg/L).
In conclusion, therefore, both the magnetic dextran sulfate precipitation reagent and the direct assay for HDL-C determination are rapid and have acceptable degrees of total error. The 
